Introduction 1
Instead of the random distribution and heterogeneous spatial density in the traditional 2 conventional radiosondes, satellite observations provide a large amount of data covering from high-spectral-resolution infrared sounders, and concluded that the channel-selection method
18
of Rodgers (1996 Rodgers ( , 2000 is the optimal method.
19
This study focuses on assessing the effects of AMSU-A, MHS and IASI data assimilation 
14
The minimization algorithm is composed of two outer iterations to account for weak 15 nonlinearities in the cost function. In the first external iteration the first guess is a 6-h forecast,
16
while in the second one it is the solution from the previous outer iteration. In the cost function The CRTM comprises four major modules: (1) RT solution module, (2) atmospheric 9 transmittance module, (3) surface emissivity/reflectivity module, (4) particle scattering module.
10
Six RT solution schemes were tested in the CRTM (Weng et al. 
Experiment Design

15
The objective of this study is to explore the effect of satellite data assimilation on the main The satellite data includes the Advanced Microwave Sounding Unit-A (AMSU-A), need further bias correction before being ingested into data assimilation system. The source of 10 the biases can be related to instrument calibration problems, and predictor and zenith angle bias.
11
It was demonstrated that a successful bias correction scheme must take into account the spatially (Fig. 3a) , atmospheric temperature at the height of 2m (Fig. 3b) and wind speed at the 22 height of 10m (Fig. 3c ) between OMB and OMA in the ALL data experiment. The result shows 23 that the slope of the simulated line is less than 1, which indicates the analysis fields are closer to 1 observation than background fields. 
1
(1) 14 the root mean-square (RMS) error is computed as
The bias and RMS error at 00:00 and 12:00 UTC are calculated because more than enough 17 observational data and approximately 3000 sounding stations can be used at the two times. At the SFC, the CON (conventional data only) DA experiment shows (Fig.4a) Compared to the SFC, the LT shows a more clear diurnal variation (Fig. 4b) , and all model forecasts and the MW experiment improved the forecast accuracy in the UT.
18
In contrast, the bias in the LS indicates an opposite pattern to the SFC and LT where all 19 satellite DA experiments reduced the forecast bias (Fig. 4e) . The result demonstrated that the 20 conventional DA did not improve the forecasts because of the sparse observational data used in 21 this layer. The MW DA obtained the smallest bias in the LS.
22
In order to clearly understand the different performance in the six experiments, the 23 temperature forecast bias profile at 6-h, 30-h and 54-h has been examined. better performance in the LT, especially at the SFC.
7
It is obvious that the larger bias in temperature forecast appeared in the LT, UT and LS, but 8 the model is underestimating the observed temperature in the LT and overestimating in the UT 9 and LS (Fig. 5) . The satellite DA, especially for the MW DA experiment using AMSU-A,
10
reduced the forecast bias at the levels from the MT to LS. Meanwhile, the CON DA has a 11 smaller forecast bias in the LT, especially at the SFC. Note the IR experiment using the IASI 12 data produced a worst result in the LT.
13
The forecast RMS error demonstrated some different features (Fig. 6) . First, the RMS error (Fig. 6c) . Fourth, the CON and MW experiments 21 improved the temperature forecasts in the UT (Fig. 6d) . But in the LS, the microwave DA (Fig. 6e) . It is apparent that the CON DA gave a negative contribution to the 1 temperature forecast in the LS.
2
Corresponding to the bias profile (Fig. 5) , the forecast RMS error profile at 6-h, 30-h and 3 54-h indicates (Fig. 7) that the smallest RMS error is observed at the MT and the largest RMS experiments in the entire troposphere (Fig. 8b,c,d ). It seems to tell us that the IR DA 20 significantly impacts the humidity forecasts in the troposphere. However, the impacts 21 disappeared in the LS (Fig. 8e) .
overestimated the observed humidity except for the UT. The smallest bias in the humidity 1 forecast occurred at the SFC and UT (Fig. 9) . Most of DA experiments apparently reduced the 2 bias from LT to UT, especially for the IR experiment. But it is worth noting that the MW DA 3 has a larger bias than the CTRL experiment in the whole troposphere.
4
However, the RMS error in the humidity forecasts (Fig. 10) increases from the SFC to LS.
5
The largest error in the UT and LS is almost double the amount at the SFC. In addition, most of 6 DA experiments demonstrated a larger RMS error than that in the CTRL experiment. In other 7 words, the DA experiments gave a negative contribution to the humidity forecasts. The IR DA 8 experiment did not improve moisture forecast although its bias is very small at the LT and MT. 
Summary and Discussion
10
Summary
11
In this study, six experiments were designed to assess the effects of data assimilation on experiments apparently reduced the bias in the LT to UT, especially for the IR DA experiment.
4
But the MW DA obtained a larger bias than the CTRL experiment in the entire troposphere.
5
The RMS error in the humidity forecasts increases from the SFC to the LS, which is similar 6 to the bias profile except in the UT. The largest error in the UT and LS is almost double the 7 amount at the SFC. The DA experiments give a limited contribution to the humidity forecasts.
8
The IR DA experiment does not improve the moisture forecast although its smallest bias is found 9 in the LT and MT. 
Discussion
11
In this is study, the WRF-ARW mesoscale model was linked to GSI data assimilation Acknowledgements.
13
The GSI data assimilation system was obtained from Joint Center for Satellite Data Assimilation Other definitions can be found in Table 1 . 
